
FEBRUARY, 1922. MONTHLY WEATHER REVIEW. 69 

basal diameter, jud ed from a distance of about 300 feet, 
was from 10 to 15 B eet. Leaves and trash were included 
in the swirl for a height of not less than 5 or 10 feet, re- 
sultin in a dense blackish cloud to this height. Had the 
whirl B een observed from above, its rotation would have 
a peared counterclockwise. When south of the observer 

the sun, although probably mainly ahead of the position 
of the ground end. 

The s iral died out on a rocky point about 500 feet 

part of the dust column floating for some time after the 
ground swirl had disappeared. 

t % e column still seemed to lie in the general direction of 

south o P the back corral at about 1.25 p. m., the upper 

The wind about noon had been variable-northwest, 
north, northeast, and east. The northwest and east winds 
are less common here than those from other directions. 
At about 1 :25 . m., there was almost no wind on the sta- 
tion grounds. %he day was clear and hot with a maximum 
shade temperature of 81’ at 3 p. m., and 80’ a t  the time 
of the phenomenon. 

Section 21 is a cutover area with few trees now stand- 

there. The soil over this area is mainly residua Yted from 
ing, and it is possible that the whirlwind ori 

basaltic rock, is scantily covered with vegetation, and 
bakes badly when oxposed to the sun, thus reflecting a 
large amount of heat. 

KoPPEN’S CLASSIFICATION OF CLIMATES: A REVIEW. 

By PRESTON E. JAMES. 
[Clark University, Womter ,  Mass., March 15,1922.) 

One of the most important contributions to the sub- 
ject of climatic regions is that of Dr. Wladimir Koppen, 
published in Germany in 1918.’ This classihation is 
revised and reinodeled from an earlier one, pro osed 
in 1901, and largely based on vegetation zones. the 
revised scheme (see Fig. 1) , the general plan of the vegeta- 
tion zones may still be seen, but in determining his 
boundaries he now uses the decisive climatic cnteria 
which are fundamental in the distribution of vegetation. 
Kop en. includes in the diagrams accompanyin his 

Fig. 2). On this he places his climatic regions, drawn 
as they theoretically would lie if relief and irregularity of 
land and water were eliminated. An explanahon of the 
departures from the ideal scheme in the several conti- 
nents would make a profitable study for university 
students who have sufficient pre aration. 

This classification has not IY een made available in 
English for detailed use. It was reviewed by Professor 
Ward2, who also reproduced Koppen’s map in black 
and white. But a detailed statement of the criteria 
for the subdivisions is not available. It is this want, 
which the present reviewer hopes to fill. 

artic Y e a map of an ideal contipent without relie P (see 

GENERAL PRINCIPLES USED. 

When we consider the distribution of climates in 

IW. K6ppem: . t i n  der KlLmate naeh T e m ~ t w  Niederechlag und 

a h. De C. @!&: AUew C m w n  Of CLLmetes. QeqMpAW Emfew, Septemher 

J a h b M .  pet2EEittdluwm, e ternber, October, md ~ O V e m k - D k h r ,  
1918 vol. 134, 1S%U, and 243-248< wig map aud dlaenuas. 
191 a,TO1.8, pp. 188 to 191, With RlEp. 

the Equator. Furthermore, since these deserts lie in 
the trade-wind belts,s they are driest on the lee coasts, 
and are interrupted by more humid regions on the east- 
ernr or windward, sides of the continents. 

The regions not included in these two big types and 
their transition zones are divided as follows: (1) The 
winterless region, which lies between the deserts of sand 
along the Equator; (2) the warm temperate region; (3) 
the sub-Arctic re ion. Since the latter does not occur 
in the Southern lfernisphere, the term sub-Arctic is per- 
missible. 

These three regions are again subdivided on the basis 
of rainfall distribution, DS in the following table: 

1. Winterless region. 
(a) Constantly rainy climate. 
(6)  Periodically d r ~  climate. 

2. Warm temperate region. 
(a) Dry season absent. 
(6) Dry setwon in winter. 
(c) Dry season in summer. 

(a) Dry season absent. 
(6)  Dry season in winter. 

3. Sub-Arctic region. 

It can be seen that 1 and 3 are divided into only two 
regions each, while 2 is divided into three. In  the 
Tropics the total variation of temperature is so slight 
that i t  is unimportant in what season the rain comes, so 
that i t  is sufficient to distinguish between a constwtly 
rainy and a periodically dry climate. In the sub-Arctic 
region there is no example of a dry season in summer,. so 
that the first two divisions of the warm temperate rep;lon 
ma be used farther north also. 

$the combination of these types results in 11 climatic 
regions. These 11 regions are applied to the earth, and 
given the numbers as in the following table: 
1. Tropical rainy foreat climate. . . . -. . 
2. Penodicallv drv aavanna climate.. lA‘ no@ca1 rainy 

“ I  

)B. ~ r y  climatee. 3. Steppe climate.. . . -. . . -. . . . -. . . . . 
4. Desert climate. . -. - - - -. . . - -. . . -. - 
6. Warm climate with dry summers.. . ’. tempmk rsiny 
7. DamD climate with mild winters. . 
5. Wann climate with dry winters. - 

8. Damp climate w i t h  severe winters.. D. Sub-Arctic climaterr. 
9. Coldilimate with dry winters. - _ _  .} 

10. Tundraclimates .._._--.._-...___- E. Polar. 
11. Perpetual froat climates.. - - - - -. - .}F. climates. 
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similarly clear influence. 
plant world protects itself by a period of rest. For this 
reason the isotherm of 10' for the warmest month was 
chosen as the tundra boundary, wliich 1imit.s approxi- 
mately the poleward growth of forests. 

CRITERL~ FOR DETERMINATION OF REQIONS . 
With this general statement, we may now take up the 

actual critena which are used to determine the bound- 
aries of the different regions. 

Against these extremes t he '  

I. POLAR REGIONS. [I. ARID REQIONS. 

The regions of cold are subdivided into erpetual-frost, 
climates (l l) ,  and tundra climates (10). h i e  perpetual- 

The essentiul feature in these regions is the absence of 
Everywhere evaporation is greater than sur€sce run-OH'. 

N 

5 
FIG. ?.-Kippen's ideal continent. I 

frost climate is one where snow and ice is a permanent 
condition. The isotherm of Oo 4 for the warmest month 

Antarctica, and the snow-ca ped summits of mountains. 

should be remembered that the decisive temperature 
factor for organic life, including man, consists in the 
absence of a sufficiently cold season in low latitudes and 
of a sufficiently warm season at high latitudes. Neither 
extreme summer heat nor extreme winter cold hns ,z 

precipitation, and no streanis may originate, Since. 
evaporation increases with hi her temperatures, it is. 

a mean annual temperature of 20° mi h t  be completely 

temperature of 15' this same amount of rainfall might 
provide abundant run-off. Therefore, no fixed amount 
of rainfall can be taken as the arid boundary. 

Furthermore, if rainfall comes altogether or largely in 
the colder months, less will be evaporated than if it comes 
in summer, so that further allowance must be made for 

is used here, and sets off the ice sheets of Greenland and obvious that a given amount o f rainfall in a region with 

I n  choosing the criteria P or the tundra'boundary, it evaporated, whereas in a region mt f a mean annual 

4Tempemtunrr girrn In centigrnde: ralnfall in centimeters. 
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the season in which the rain comes. Kop en has worked 
out the following table for this, using the a esert boundary 
in every case, as twice that of the steppe: 

Temperature. I 2 5 O  C. I 25-20° C. 120-15' C. 1 15-1O0 C. I 10-5. C. 1 5- C. 

32 29 26 23 20 16 

The semon in which the rain falls is considered, when 
there is a pronounced summeq rainfall, by taking 30 per 
cent higher than the fi&&'%i"the tables; and when there 
is a pronounced winter rainfall, by taking 30 per cent 
lower. Thus the boundaries of the desert and steppe arc 
determined b a combination of rainfall, temperature, and 

the map; the steppe is No. 3. 
seasonal rai KJ all distribution. The desert is region 4 on 

111.-HUMID REGIONS. 

,4. The Tropic.s.-Wit,hin the large mea of forest or 
rainy climates, we find a great variety of conditions, 
according to (1) temperature, which decreases with in- 
creasing latitude or altitude; (2)  according to annual 
ranges, which increase with greater continentality ; and 
(3) with the occurrence of dry seasons. In  the vegetable 
world this variety is expressed by periods of rest, some- 
times due to cold, sometimes to drought. 

As was mentioned above, summer heat is not as im- 
portant a factor on the boundary of the Tropics, as is 1% 

season of sufficient coolness. For this reason Koppen 
chooses as his boundary of the tropical rainy climates, the 
isotherm of 18' for the coldest month. The regions thus 
defined are divided into types ( l j ,  where there is a con- 
stant rainfall and (2) types where there are one or two 
.marked dry seasons in the year. In  the former, the 
vegetation is the usual tropical rain forest, but the latter 
is generally characterized by a savanna or grass land. 
In  certain Fegions of Type 2, however, we find a growth 
of tropical vegetation in spite of a sharp1 defined dry 

season gives sufticient moisture to last throughout the 
dry period in the ground. Where the rainfall is more 
than 30 centimeters, as on the Malabar coast the dry 
season may last as much as four months. Such condi- 
tions occur especially in monsoon regions. The rain 
forest may also grow along river valleys, as along the 
southern tributanes of the Amazon, where the moisture 
is supplied in abundance from the savanna uplands into 
the canyonlike valleys. 

rainy 

the savannas bordering the region, as in portions of 
Africa. 

roup, it is unimportant to distinguish the 

temperatures are very small.. I n  fact, t e seasons 
themselves are determined by the rains 'and not by 
temperature, as in the estra-tropical regions. 

Since the deserts are interrupted on the eastern sides 
of the continen&, as mentioned above, the erioclically 

But whatever the adjoining region 

2 .  Warm temperate group.--The arrangement in the 
Temperate Zone is complicated because in this case it 
makes an essential difference whether the rainy season 

season. This is produced because the rain B all in the wet 

Grasslands, also, ma7 appear in a constant1 
climate where the inhabitants are accustomed to t uriiing 

season in w i ich the rain falls, since the year1 ranges of 

dry savanna climates may merge directly wit Fl the warm 

In  this 

z 

of the Tropics is always taken as 
the coldest month. 

98l86-z-2 

comes in the cold or in the warm part of the year. 
Therefore, there are three warm temperate climates: 
Rainy summers (5) ; rainy winters (6) ; constantly moist 
(7). 

Climate 5 is a continental type with a summer maximum 
of rainfall. It is bounded toward the Equator by the 
isotherm of 18' for the coldest month. It is distinguished 
from 6 and 7 by the rainy season: the rainiest month of 
the warm season brin 10 times as much rainfall as the 
driest month of the co T d season. 

Climate 6 is the well-known Mediterranean climate, 
sometimes known as the subtropical t pe, which is so 
well developed on the west coasts of t 31 e continents in 
the Horse Latitudes. As its name inplies the best 
example is in the Mediterranean countries .but it also 
reappears in characteristic form in California, Chile, 
Cape Town, and southwest Australia. This is a marine 
type with minter rainfall. Since evaporation is less than 
in Type 5; owing to the low-sun character-of its rainy 
season, the region includes only those areas where the 
rainiest month of the cold season brings three times as 
niuch rain as the driest month of the warm season. 

Climate 7 is a characteristic east coast type, in which 
there is sufficient rain in all seasons, so that it is not 
classed in either of the foregoin . 

3. Sub-Arctic group.-The su E -Arctic climates are sep- 
arated from the warm temperate climates on the basis of 
a regular annual snow covering for a period of several 
weeks. Tllis snow blanket is a very important factor in 
vegetation. The isotherm which coincides with the 
southern boundary of such a snow blanket in regions of 
sufficient humidity is that of - 2 O  for the coldest month. 
The term sub-Arctic is permissible for this group, since 
in southern South America-the only southern hemi- 
sphere continent which lies near enough to the pole to 
reach such climates-the isotherm of 10' for the warmest 
month (the equatorial margin of the tundra) lies farther 
from the ole than the isotherm of -2' for the coldest 
month. !his is due to the marine type of the southern 
Temperate Zone, with its resulting small ranges, and is 
illustrated by the temperatures at  Cape Horn (January, 

Climate 5 is one in which rain or snow occurs in all 
months and is similar in this res ect to climate 7 of the 

revious grou . It is distinpisked from 7 only on the 

Climate 9 is an estreme continental type, occurring 
only in centrtil Siberia. Here the region with a distinct 
summer niaximum rainfall, and with rainless winters, is 
set off as distinct from Type 8. These clear, winter skies 
give us the conditions for the maximum of winter radia- 
tion, just as the hot deserts give us the maximum of 
high-sun insolation. 

9. 10.c.; July, 0.1). 

Ensis of a regu P ar snow covering in winter. 

CLIMATIC SPMBOL8. 

In  addition to his division of the earth into the fore- 
going regions, Koppen enriches his map with a series of 
climatic symbols, indicating the variations and special 
developments which are found within the more general 
regions. These symbols need no discussion, but are 
translated in the following table: 

months over 10 . 
(a)  Mean temperature of the warmest month over 32O. 
( b )  Mean temperature of the warmest month under 2 2 O ,  at lslvrt four 

(e) Only one to four months over loo, coldest month over -36'. 
( d )  The same, but coldest month under -36". 
ff) Constantly moist (sufficient rain or snow in all montha). 
(9 )  Gan es type of annual temperature range with maximum before 

the turn ofthe sun and the Bummer rainy aewon. 
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(h) Hbt, annual temperature above 18’. 
(i) Isothermal, difference between extreme montha less than 5’. 
(k) Cold winter, annual temperature below 18’, warmest month 

(IC’) The same, excepting warmest month below 18’. 
(m) Monsoon rajne, primeval forest in spite of one dry period. 
(n) Frequent fogs. 
(d) Infrequent fogs, but high humidity accompanied by lack’of 

( p i  The same, with a higher temperature (eummer above 58’). 

above 18’. 

rainfall, and relatively cool (summer below 24’). 

’ (p’) The aame, but With summer temperatures 24’ to 26’. 

(8) Dry 8-n in Bummer of that hemiaphere. 
(w) Dry sewn in winter of that hemisphere. 
(e’ cu’) The aame, but rainy aeaaon delayed after autumn. 
( e ” ~ ” )  The m e ,  but rainy season overlapping with amall dry 

(u) Sudan temperature course, coldest month after turn of the Bun. 
(v) Cape Verde courae of temperature, warmest month in autumn. 
(z) Transition type With early summer rain. 
(i) The same mtli infrequent but intense rain at all tinieR of the 

seaaon introduced. 

year. 

L. F. RICHARDSON ON WEATHER PREDICTION BY NUMERICAL PROCESS. 
By EDGAR W. WOOLARD. 

[Weather Bureau, Washington, D. C., March 15,1922.1 

Weather forecasting as conducted by the chief meteoro- 
logical services of the world for many years past is coni- 
pletely empirical. Yet it can not be doubted that the 
processes of weather are simply exam les of the o era- 

lems involved. The ultimate object of all ineteorologi- 
cal work is to lead up to an insight into the ph sical 

forecastin is the anticipation of these changes. The 
method o f forecasting by empirical rules and past ex- 
perience is simply a stage in the classification of the 
physical processes; it leads, as we know, t.0 excellent 
results in the hands of the espesienced, but its ca acity 
is limited, and the limit is very soon reacheb: To 
carry it further, or to make out the true inwardness of 
its application in special cases, we must de end upon 

sphere. 
In  the present position of meteorological science, 

there are two extremes of opinion, both of which ought 
to be, and undoubtedly me by most meteorologists, 
avoided: Either to think the enetration into the 

content to forego the attempt and deal with what we 
have; or to think it so easy that only observations 
are required, and the traiiiiug of our brains of no account. 
As a matter of fact, brains without observations are 
certainly of no avail a t  all in any problem dealing with 
Nature; and observations, however numerous and wide- 
ly distributed, will not exonerate us from the use of 
h hly trained intelligence? 

%eteorology becomes exact only to the extent that it 
develops into a physics of the atmosphere. The ancients 
had a not inconsiderable knowled e of both meteoro- 

dared to combine this knowledge in order to explain, 
for example, the monsoon winds. The growth of meteoro- 
logical and of physical knowledge during and after the 
Renaissance prepared the way for some investigating 
spirit $0 perceive, sooner or later, the relationshi be- 
tween meteorolo ical phenomena and ph sical Y aws; 

be recognized, and the first step taken toward the devel- 
o ment of a h ics of the atmosphere in the work of 
galley and of g a l e  , just followmg &e great revolu- 
tion in astronomy. However, by one stroke astronomy 
became an exact science, while meteorology took only a 
step in that direction. The transformation of meteorol- 
ogy into an exact science necessarily, from the trans- 
cendent complexity of the problems involved, called, 
and still calls for extensive further development of both 
theoretical physics and observational meteorology. 

tion of ordinary physical laws, althou i special met P iods 

rocesses which effect changes in weather-a1 r our 

may be required for the treatment o d tshe special prob- 

our knowledge of the dynamics and physics o P the atmo- 

secrets of the subject to  be so di B cult that we must be 

logical facts and certain branches o f physics, but no one 

this relationship % etween the two sciences Hst came to 

~~~ ~~ 

1 Q Sir Na 1e.r Shaw “The Outlook of Meteorol@cal blence,” 360. WEATBEB 
RIEV.,’~~, 3% &O; Quar.’Jour. Roy. Md. Sw., 45,95,1919. 

Parallel with the subsequent steady progress of 
experimental and theoretical ph sics and of pure mathe- 

descri tive meteorology. The combination of meteoro- 
1ogicaf)annd physical facts has resulted in man excellent 

the time of Ferrel’s pioneer work on the mechanics of 
the earth’s stmos here. Such studies are of the utmost 
importance to t r le practical problem of forecasting, 
since they help toward a better understanding of the 
phenomena of the at-mosphere. Furthermore m addi- 
tion to having their scientific importance and interest, 
they bring us nearer the ultimate goal of the possibilit 
of making forecasting a science instead of an art. Wit{ 
complete observations available from an extensive 
porhon of the free air, the problem is to apply the 
equations of mathematical physics to the actually 
existing atmospheric conditions, and to com Ute the 
conditions that will follow. An objection usu ar ly ur ed 
against this idea is, “How can this be of any use? !fhe 
calculations must require a preposterously lon 
Under the most favorable condhons it will ta e the 
learned entlemen perhaps three months to calculate 

What satisfaction is there in being able to calculate 
to-morrow’s weather if it  takes us a ear to do it8” 
However, in the words of Bjerhes,2 ‘(ff only the cal- 
culation shall a ree with the facts, the scientific victory 
will be won. lfeteorology would then have become an 
esact science, a true physics of the atmos here. When 
that point is reached, then the practic 3 results will 
soon develop. It may require years to bore a tunnel 
through a mountain. Many a laborer ma not live to 

later comers from riding through the tunnel at express- 
train speed. ” 

carried 
%y V. Bjerknes, of Norway, and L. F.%ichard- 

remarkable work now before us, Wedher Prediction by 
NumericaZ Process.a Previous investigations have con- 
sidered but one or two phases of the general problem- 
usual the purely d amical-and have frequently been 

ardson, however, has dared to begin the discussion of the 
motions and henomena of the a c t d  atmosphere under 
the combine$ influences of uU the principal ftictors 
including radiation and absorption evaporation and 
condensation, eddy motions or turbdence in the lower 
atmosphere, etc., gathered into one set of systematic 
mathematical equations, and to attempt to utilize this 
SV Blerknes ‘‘Me as an Exset ’’ Mo WXATIZES REV 42,14,1015 
8 Lewis F. R h E O 9 -  prd- r~ icmcr ia~  procus caniiwi e A 

1922. It0 xl, 238 pp. The manuscript w m  completed in 1916 bdwea  rev&, and a 
n d  example worked out xn Pnmca during intervsle of trensporting wounded 
19lfl-1918. Upon be1 sent to h e  mu in 1917 the working copy was lost to be redd 
covered some month%er under a heap of wal. It was again revised in iSZ1. 

matics, was a growth of know ? edge of climatology and 

studies of theoretical meteorology, particu 9 arly since 

5 time. 

the weat E er that Nature will bring about in three hours. 

see the cut finished. Nevertheless this wil 9 not prevent 

son, On of ngland. It is to the latter that we owe the 

limitei to more or F ess idealized conditions. Mr. Rich- 

Contein orary research in this field is bein 

- 


